Objective: To characterise misreporters of energy intake (EI) and energy expenditure (EE). Design: Cross-sectional study, using a validated position and motion instrument, ActiReg w , as the reference method to study misreporters of EI and of EE. EI was measured using a dietary record and EE using a physical activity questionnaire (PAQ). Misreporters were defined as subjects outside the 95% confidence limits of agreement between EI or EE reported/EE measured. Setting: Free-living Danish volunteers. Subjects: One hundred and thirty-eight volunteers aged between 20 and 59 years. Results: Body mass index, smoking, 'try to eat healthily' and worries about weight were related to degree of under-reported EI. The percentage energy from added sugar was lowest (P , 0.001) and the percentage energy from protein (P , 0.001) highest in under-reporters compared with acceptable reporters. Subjects who reported being very physically active at work or in leisure time reported a higher EE than measured EE compared with less physically active subjects (P , 0.05). Likewise, subjects who regard themselves as fit or very fit reported a higher EE than subjects who regard themselves as moderately fit (P , 0.05). Possible over-reporters reported less time as very light activity (P ¼ 0.007), more time as moderate activity (P ¼ 0.01) and more time as vigorous activity (P ¼ 0.02) than acceptable reporters. Conclusions: Under-reporting of EI should always be taken into consideration; however, only a few characteristics of under-reporters are consistent among studies. Misreporting of EI was more prevalent than misreporting of EE. The level of physical activity more than the time spent involved in various activities was misreported.
Under-reporting of energy intake (EI) is a common problem in dietary studies. Characteristics of underreporters have been investigated in a number of studies using various methods, but the results have not been consistent. The most common finding is a relationship between increased under-reporting and increased body mass index (BMI). This relationship is found in most 1 -4 but not all 5, 6 studies. However, a relationship with body fat is not always found; in a study in women, a relationship between percentage body fat and under-reporting was not found, although a relationship with BMI was found 2 , whereas in another study the opposite relationships were found 6 . Under-reporting has been found to increase with increasing age 1, 3, 7 and to be more frequent in women than in men 5 -7 . However, in Denmark, this trend has not been identified recently 8 . Other characteristics of underreporters are less frequently identified. Smokers have been found to under-report EI less frequently than non-smokers 1, 7, 9 , although this finding has not been consistent 10 . Furthermore, educational level has been associated with under-reporting, but both a high and a low educational level has been related to under-reporting, and many studies did not find a relationship at all 10 . Under-reporting seems to concern specific food items. For instance, many studies have found that the percentage of energy from fat was lower in under-reporters than in acceptable reporters, whereas the percentage of energy from protein and carbohydrate was highest in underreporters 10 . It has been reported that sugar-rich and/or fatrich foods were less reported by under-reporters, whereas the intake of vegetables, fruit and fish was similar in underreporters and acceptable reporters 11, 12 . Energy expenditure (EE) has only been measured in a few studies, and under-reporting of EI has often been determined by calculating estimated EI divided by the basal metabolic rate (EI/BMR) two measures, the Goldberg cut-off, signify the presence of under-reporting 13 . However, this cut-off value is based on a sedentary physical activity level. Cut-off values depending on individual physical activity level provide a better definition of under-reporters 14 . EE is sometimes calculated from physical activity questionnaires. This makes the validity, and the characteristics of misreporters, of EE interesting.
The problem of misreporting EE is less studied than misreporting of EI. Most studies indicate over-reporting of EE 15 . However, in a study with a high degree of overreporting, it was not possible to identify any common characteristics of the individuals who over-report 16 . Misreporting of EE could be due to misreporting of frequency, intensity or duration of activity; however, this has not been much studied. One study indicates that reports of vigorous physical activity were relatively accurate 17 , and in another study it was found that moderate intensity activities were underestimated 18 . The aim of the present study was to characterise misreporters of EI as well as misreporters of EE among Danish adults using a validated position and motion instrument, ActiReg w , as the reference method measuring EE.
Materials and methods

Design
Volunteers filled in a physical activity questionnaire (PAQ) and kept dietary records for seven consecutive days. ActiReg w , an electronic device which records body position and movement, was carried on the same days as the dietary records and the PAQ were filled in. All subjects were interviewed about health issues, etc. After completion of the interview, the subjects were instructed how to fill in the dietary record and the PAQ and how to use the ActiReg w equipment. Written instructions were also delivered.
For a subject to be included in the study, at least 4 days had to be available for dietary record, PAQ and ActiReg w measurement. Three subjects had four applicable days, seven had 5 days, 24 had 6 days and the remaining 104 had all 7 days.
Subjects
Healthy Danish volunteers aged 20 -59 years were recruited through advertisements in local firms, a local newspaper and a website. An equal representation of men and women as well as of the various age groups was aimed at. Pregnant women, athletes and subjects on a slimming diet were excluded. One hundred and fortythree subjects completed the study. Data from two subjects were excluded due to problems with the ActiReg w , two subjects had mounted the ActiReg w sensors erroneously and one subject did not return the diet records and the PAQs, which left 138 subjects with useful data. Of these, seven subjects agreed to repeat the protocol because of technical problems with the ActiReg w .
Dietary intake and personal interview
The dietary recording method was a combination of a personal interview and self-administered dietary records. The interview took , 20 min and included information about social background, selected health data, hours usually spent sleeping and more detailed information about attitudes to dietary habits and physical activity as well as information on use of some common foods. Subjects were instructed to record their dietary intake for seven consecutive days in supplied booklets with precoded fixed answer possibilities supplemented with a possibility for open answers. The booklets were divided into five meals; breakfast, lunch, hot dinner, cold dinner and snacks. Food portion sizes were estimated from household measures and a series of photographs. Each series of photographs consists of four or, in most cases, six photographs of different portion sizes. The booklet for dietary record was used in a nationwide dietary survey 19 . Subjects were instructed to eat as usual during the course of the study. Intakes of nutrients and foods were calculated using the General Intake Estimation System (GIES) ( 21 based on self-reported weight. The daily physical activity level (PAL) was calculated using the factorial method by multiplying time spent in each activity category by the respective metabolic equivalent value (MET), and then dividing the METhours by 24 . MET values were based on international tables 22, 23 . Daily EE was calculated as PAL multiplied by BMR for each individual, and the mean for the 7 days was used as reported EE (EE rep ).
Energy expenditure measured by ActiReg w (EE mea ) ActiReg w (PreMed AS) is an electronic device which records body position and movement. It has two body position sensors and two motion sensors connected by cables to a battery-operated storage unit. During registration, one bracket is attached by medical tape to the chest (on the sternum) and the other on the front of the right thigh approximately midway between the knee and the hip. The storage unit is fixed to an elastic belt worn around the waist. The principle of the ActiReg w and validation of the method have been published 24 . The subjects in the present study carried the ActiReg w for seven consecutive days except when they slept at night, when taking a shower and if swimming. If the ActiReg w was not carried for a period of 15 min or more, the subject recorded the type of activity during that time on a diagram and EE was estimated for that time and activity, and was included when the total EE for that particular day was calculated. If the ActiReg w was not carried for 3 h or more during a day, the day was omitted. Twenty-one days were omitted for that reason. Furthermore, a total of 20 days were omitted due to incorrect placement of the sensors.
Collected data were transferred to a computer and processed by a specially designed program called ActiCalc. PAL was calculated from the measured activity levels and body positions as described by Hustvedt et al.
24
. BMR was calculated from the equation published by Garby et al. 25 based on body composition data from measurements of electrical impedance 26 . EE was calculated for each individual as PAL multiplied by BMR. The mean of the applicable days was used as measured EE (EE mea ).
General information
The ActiReg w was carried on the same days as the dietary records and the PAQ were filled in.
Anthropometric measurements
Height and body weight were measured in all subjects without shoes. Height was measured to the nearest cm with a Seca 222. Subjects were weighed with indoor clothing to the nearest 0.1 kg on an electronic scale (Rowenta Silver Art). Body weight was also measured after the recording period on the same scale. Lastly, body composition was measured using a bioelectrical impedance analyser (Maltron BF-906; Maltron International Ltd) after at least 5 min rest in the supine position. As so few misreported EE according to the above definition, possible misreporters were used for some analyses. Possible misreports of EE was defined to be ,90% of the EE mea or . 110% of the EE mea .
Calculation of misreporters
Statistics
For statistical analysis, SPSS version 12.0 software (SPSS Inc.) was used. Univariate analyses of differences between mean values were calculated with analysis of variance with Tukey's post hoc test. For calculation of the correlation between two measures, Spearman's rho were calculated. Differences in dietary intake between under-reporters and acceptable reporters were evaluated using the Mann -Whitney test. Likewise, differences in reported time involved in various activity domains and of physical activity levels between misreporters and acceptable reporters were evaluated using the Mann -Whitney test. To study the determinants of under-reporting, multiple linear regression analyses were performed with relative under-reporting as the dependent variable and the determinants studied as independent variables.
Results
Characteristics of the subjects, reported EI (EI rep ), reported EE (EE rep ) as well as measured EE (EE mea ) are given in Table 1 . Table 2 shows the number of under-reporters, acceptable reporters and over-reporters of EI and EE, respectively. Thirty-six subjects (26%, 21 men and 15 women) under-reported EI, whereas only two subjects (1.4%, one man and one woman) over-reported EI. Likewise, five subjects (3.6%, three men and two women) under-reported EE and two subjects (1.4%, both men) over-reported EE. Furthermore, the number who under-reported both EI and EE as well as other combinations of reported EI and EE are shown. Only three of the 36 under-reporters of EI under-reported EE and one over-reported EE.
EI rep as a percentage of EE mea (relative under-reporting) is given in Table 3 for various subject characteristics. Sex, age and education were not related to degree of underreporting EI, but BMI, smoking, 'try to eat healthily' and worries about body weight were.
In a multiple linear regression model with EI rep as a percentage of EE mea as the dependent variable and the variables given in Table 3 as independent variables, BMI, 'try to eat healthily' and worries about weight remained statistically significantly associated with the degree of under-reporting. This was not changed if the percentage body fat was included in the model (results not shown).
The percentage body fat was found to be statistically significantly correlated with the degree of misreporting in men (r ¼ 2 0.35, P ¼ 0.003) but not in women (r ¼ 2 0.10, P ¼ 0.4). Furthermore, subjects who claimed to have eaten as usual misreported to the same degree as subjects who claimed to have eaten a little differently or very differently from usual (results not shown). Table 4 shows dietary intake in under-reporters of EI compared with acceptable reporters. Over-reporters of EI are not included due to the low number. The percentage energy from added sugar was significantly lower and the percentage energy from protein significantly higher in under-reporters than in acceptable reporters. When entered one-by-one in the multiple linear regression model described above, the percentage of energy from protein (P ¼ 0.03) and the percentage of energy from added sugar (P , 0.001) remained statistically significantly associated with the degree of underreporting.
A tendency was found that under-reporters lost more weight during the registration period than acceptable reporters; 0.4^0.8 versus 0.1^0.8 kg (P ¼ 0.06) for under-reporters and acceptable reporters, respectively.
Mean EE rep as a percentage of EE mea for various subject characteristics are given in Table 5 . Subjects who reported being very physically active at work or in leisure time reported a higher EE compared with measured EE than less physically active subjects (P , 0.05). Likewise, subjects who regarded themselves as fit or very fit seemed to report a higher EE compared with measured EE than subjects who did not regard themselves as fit (P , 0.05). Misreporting of EE was not related to sex, age, smoking status, education, BMI or view of their own health.
Under-reporting of EI was weakly correlated with under-reporting of EE (r ¼ 0.23, P ¼ 0.007), meaning that some of the subjects who under-report dietary intake also over-report EE (results not shown).
The time spent at various activity levels (very light, light, moderate and vigorous) and at various activity domains (transport, occupational, household, leisure, etc.) reported by acceptable reporters was compared with that reported by possible under-reporters and possible over-reporters, respectively. Possible under-reporters (n ¼ 33) recorded more time as very light physical activity (P , 0.001), less time as light (P ¼ 0.002) and less time as moderate physical activity (P ¼ 0.01) than acceptable reporters (Fig. 1) . Conversely, possible over-reporters (n ¼ 14 by this definition) reported less time as very light physical activity (P ¼ 0.007), more time as moderate (P ¼ 0.01) and more time as vigorous physical activity (P ¼ 0.02) than acceptable reporters. No significant differences were found between possible over-reporters and acceptable reporters with regard to time spent at the various activity domains. Likewise, no significant differences were found between time spent at various activity domains between possible under-reporters and acceptable reporters except for time spent at home (significantly lower in under-reporters (P ¼ 0.018)).
Discussion
In this study, we have tried to characterise misreporters of EI and EE. Most misreporters found were under-reporters of EI. We found that non-smokers, subjects with BMI . 30 kg m 22 and subjects who ate healthily to avoid being overweight under-reported EI mostly. Subjects who classified themselves as being fit reported a higher EE than subjects who regarded themselves as unfit. Furthermore, subjects who reported , 90% of EE mea recorded more time as very light physical activity than acceptable reporters, whereas subjects who reported . 110% of EE mea reported more time as moderate and vigorous physical activity than acceptable reporters. We found very few over-reporters of EI. Thus, our study confirms a number of studies 10 that showed that underreporting is the main problem in studies where dietary records are used.
The characteristics of subjects who under-report EI are not consistent among studies. An inverse relationship between BMI and under-reporting of EI has been found in most studies, as in the present study 3, 4, 10, 27, 28 . However, a relationship between age, sex, education and smoking and EI is not consistently found among studies.
A tendency for an individual to restrict food intake in order to lose weight or to prevent weight gain (restraint eaters) has been found to be related to a higher degree of under-reporting of EI, especially in women 5 . Likewise, an important factor in predicting under-reporting of EI is dissatisfaction with body image 6 . In agreement with this, we found that subjects who eat healthily to avoid being overweight under-reported EI to a higher degree than subjects who did not express any worries about their body weight.
A relevant question is: do the under-reporters undereat in the recording period or do they under-report food intake? The subjects who under-reported EI in the present study tended to lose more weight than subjects who did not under-report. Likewise, Goris and Westerterp 29 found in highly motivated lean women that they lost weight during 1 week of dietary recording. Thus, part of the under-reporting in our study may be caused by actual undereating.
We found that the percentage energy from added sugar was lower and the percentage energy from protein was higher among under-reporters. A lower intake of sugar is a common finding 10, 11 . In contrast to others, we did not find a lower percentage of energy from fat in under-reporters compared with acceptable reporters 11, 12, 28, 30, 31 . The definition of misreporters influences the number of misreporters and probably the conclusion about the characteristics of the misreporters. For the characteristics given as categorical parameters, we chose to report EI as a percentage of EE mea . By doing so, we did not have to define under-reporting. However, when exploring noncategorical data, we had to compare misreporters and acceptable reporters. In these cases, under-reporters of EI were defined as subjects below the 95% CL of agreement between EI and EE. If we use the Goldberg cut-off 13 , 8% of the subjects could be classified as under-reporters. This number is low compared with the Danish nationwide dietary study 2000/2001 where 24% under-reported according to the Goldberg cut-off 8 . The same dietary diary was used in that study as in the present study.
The reason for the low number of under-reporters in the present study could be explained by the highly motivated volunteers. Many subjects participated because of an interest in health issues. Although the number of overweight subjects is relatively high and efforts were made to recruit subjects with various educational background, the study subjects are not representative of the Danish adult population; more subjects with a high educational level and fewer without any education participated in our study. Likewise, a small number of the subjects smoked.
One of the strengths of the present study is that we used an objective method as the reference method to measure EE. The ActiReg w system has been validated against both the doubly labelled water (DLW) method and indirect calorimetry, demonstrating no significant mean difference between EE measured with ActiReg w and EE measured with DLW or indirect calorimetry 24 . However, there are some limitations with the method, as ActiReg w , like other objective instruments used to measure habitual physical activity and EE among free-living people, shows considerable variation at the individual level. In addition, certain types of activity such as arm work, carrying loads and water activities is not well accounted for due to the way Actireg w is designed. Actireg w measures body position and movements (trunk and right leg) and converts this into a PAL value. To calculate EE mea , an estimated value of individual BMR was used.
In contrast to our study, it is more common to have more over-reporters than under-reporters of EE 15, 16, 31 . This difference could be due to the use of different objective instruments to measure physical activity. As in this study, in another study which used ActiReg w to validate a PAQ, a higher EE was found with ActiReg w than with the questionnaire 32 .
We found very few misreporters of EE, indicating good agreement between the PAQ and ActiReg w . Subjects who claimed to be highly physically active at work or in leisure time reported a higher EE than measured by ActiReg It is important to know whether the same individuals misreport both EI and EE because in many studies physical activity questionnaires are used to validate EI. Thus, if both EI and EE are under-reported, the subject might incorrectly be regarded as an acceptable reporter. In contrast, if EI is acceptably reported and EE is over-reported, a subject could erroneously be classified as an under-reporter. In the present study, only four (2.9%) subjects misreported both EE and EI.
One could speculate whether the same mechanisms apply when recording physical activity as when recording dietary intake. In general, it is likely that subjects wish to put themselves in a positive light regarding health behaviour. In line with this, we found that subjects who regarded themselves as fit reported more EE compared with measured EE than subjects who did not regard themselves as fit. However, in our study, under-reporters of EI and misreporters of EE did not share the same characteristics and only a few of the misreporters of EE also misreported EI. A reason could be that all questions in the PAQ should be answered, in contrast to the dietary record where things can simply be left out; thus it may be easier deliberately to under-report dietary intake than to misreport EE.
We chose to define misreporters of EE in the same way as misreporters of EI as subjects outside the 95% CLs of agreement between EE rep /EE mea , which results in a small number of under-reporters. Thus, to be able to compare acceptable reporters and misreporters of EE with regard to their reported level of physical activity and time spent on various activity domains and the actual measured values, we defined acceptable reporters of EE as reporters within 90-110% of measured EE. A difference in time reported in various activity levels was found; under-reporters reported more time as very light, light and moderate physical activity than acceptable reporters, whereas over-reporters reported less time as very light physical activity and more time as moderate or vigorous physical activity.
In a study by Rzewnicki et al. 16 using the IPAQ, . 40% over-reported vigorous and moderate physical activity. Over-reporting of vigorous physical activity has also been found in a study in 115 men and women who spent 2 days in a whole-room indirect calorimeter 33 . Light physical activity was reported accurately.
In conclusion, under-reporting of EI is a problem that should always be taken into consideration in dietary surveys, otherwise it may seriously bias the conclusions regarding dietary intake in various population groups and the relationship between dietary intake and disease. Furthermore, it is important to be aware that not all food items or nutrients are under-reported to the same degree. We found that mainly sugar was under-reported. We also found that subjects having a high BMI, non-smokers and subjects who ate healthily to avoid being overweight mostly under-reported EI. Misreporting of EE was found to be less common than misreporting of EI. The physical activity level more than the time spent on the various activity domains seems to be misreported.
